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IN REPLY REFER TO WESYV 


SUBJECT: Transmittal of Technical Report D-77-24 (Appendix F) 
TO: All Report Recipfents 


1, The technical report transmitted herewith represents the results | 
of one of several research efforts (Work Units) undertaken as part of 

Task tA, Aquatic Disposal Field Investigations (ADFI), of the Corps | 
of Engineers’ Dredged Material Research Program (DMRP). Task IA is 

a part of the Environmental Impacts and Criteria Development Project 
CELCDP), which has as a general objective determination of the 
magnitude and extent ot etfects of disposal sites on organtsms and the 
quality of surrounding water, and the rate, divers{ty, and extent such 
sites are recolonized by benthic tlora and fauna. The study reported 
on herein was an integral part of a series of research contracts 
jotntly developed to achieve the FICDP general objective at the 
Duwamish Waterway Disposal Site, one of five sites located in several 
yeographical regions of the United States. Consequently, this report 
presents results and interpretations of but one of several closely 
interrelated etforts and should be used onty in conjunction with and 
consideration of the other related reports for this site. 
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2. This report, Appendix FE: Release and Distribution of Polychlori- 
nated Biphenyls Induced by Open-Water Dredge Disposal Activities, is one 
of seven appendices published relative to Waterways Experiment Station 
Technical Report De77-24 entitled: Aquatic Disposal Field Invest iya- 
tions, Duwamish Waterway Disposal Stte, Puget Sound, Washington. The 
titles of all appendices of this series are Listed on the tnside tront 
cover of this report. The main report will provide additional results, 
interpretations, and conclustons not tound in the tndividual appendices 
and will provide a comprehensive summary and synthesis overview of the 
entire project. 





| 
| 


3, The purpose of this study, conducted as Work Unit TALOB, was to | 
collect data pertaining to the release of polvchlorinated biphenyls 
(PCB's) from contaminated sediment from the Duwamish River to the water 
column at the Elliott Bay disposal site. The authors also assessed 
the mobility of the dredged material at the disposal site and discuss 
the physical and chemical variables that could atfect the release ot 
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SUNIEET: Transmittal of Technieal Report De? seta (Appendix BP) 


PCW a trom the dredged material Co the water, suspended partteulate 
matter, or other sedimenta.  Eavironmental samplea constattag of whete 
water, suspended particulate matter, and sediments were obtatned pritot 
te the dredging operation trom Che Dawamtah River and the Elliott Bay 
disposal atte. Stmtlar samplen were collected durtnug and atter the 
disposal operation, These samplea were analyzed by electron capture 
fan chromatography methods desertbed ta detatl) to Appendix Boot the 
main report. The data revealed Chat the sedtiteant Crom the Duwamish 
River wan contaminated with PER ay however, Che velease of PCR a to 
the water column during dtapomal wan ahown to be a highty Crans tent 
event anmoctated with the temporary tnereane tn suapended parttoulate 
matter due fo the dtaposal operat ton, 


4. Duwatttal sediment contained PCB'a at concentrations as high as 
Poke (ppm). The levela of total (particulate and dissolved) PCRs 
fu the water column durfog Che disposal operatton taerveased trom 
approximately Voiag/t (parta per tradttfon) co d ya/e Cparta per billten) 
{iy some canen., These (nereanen, however, were delected for ouly a 

few minuten after dumping. Sediments at the disposal atte (nereaned 
from about O.S te TO mg/ky atter the disposal operation, There was 
evidence from the data that the depostted mater(al wan spreading out} 


watd over the dtaponal atte, 


SY. The vesul€a of thin atudy ave tmpertant in determining placement of 
dredged matertal for openewater disposal,  Reterenced atudies, as well 
an the onea summarized (nu thin veport, witl ata tau determintag the 

opt imum dtapomal condittonn and afte seleetton for etther the disaper= 
atonoot the materftal trom the dump atte or tor (ts retention within the 
eontines of the atte, whtchever ta preferred Cor maximum environmental 
profection at a given atte, 


—_— 
JOHN 1. CANNON 
Colonel, Corpa ot Pag tneers 


Commander and Director 
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SUMMARY 


The potential for adverse impacts associated with open-water disposal 
of contaminated dredged material is well recognized. However, the physical 
and chemical behavior of toxic trace constituents in these sediments 
during disposal operations is poorly understood, thus making regulatory 
criteria development an extremely difficult process. 

The objective of the study reported herein was to investigate the 
release and translocation of polychlorinated biphenyls (PCB) associated 
with the disposal of contaminated sediments from the Duwamish River in 
Elliott Bay, Puget Sound, Washington. 

Based on a detailed analysis of the data obtained during the field 
program, the most significant findings of this study are outlined below: 

a. The material dredged from the Duwamish River contained PCB's as 
high as 7 mg/kg, a level substantiallly higher than anticipated 
for this area of the river. It is unknown whether these high 
levels represent historic loading which has gone undetected or is 
recent input. 

b. The primary release of PCB's in the water column during disposal 

was a highly transient event associated with the temporary 

increase in suspended particulate matter introduced by the 
dumping operation. PCB concentrations in the water column 
increased during the dumping events from about 3 ng/1 to as high 
as 3 ug/l. These extreme values were observed only for a few 
minutes after dumping. 

A less dramatic increase in PCB levels, to about 10 ng/1l, was 

observed one week after the cessation of dumping at the study 


site. Within one month, water column PCB Jevels returned to 
predisposal concentrations. 


1o 
. 


d. Long-term elevations of PCB concentrations due to dumping were 
localized within the sediments of the disposal zone. The 
values for the surface sediments increased from approximately 


ie 
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0.5 mg/kg to about 3 mg/kg. No dispersal or mobilization of the 
PCB was observed during the monitoring period. 


e. A continuous slumping and spreading of the deposited material was 
indicated by tracing the changes of the PCB distribution over 
time. The increasing concentrations in the surface sediments 
over time and the apparent burial by the highly contaminated 
materials of the periphery of the disposal zone provided evidence 
of this occurrence. 

It is anticipated that the results of this study, coupled with the 
physical and biological investigations conducted in the area over the same 
monitoring period, will provide a basis for a realistic evaluation of the 
environmental impacts of open-water dredged material disposal operations. 
These will assist in establishing environmentally sound management strat- 


egies for future dredged material discharge activities. 
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PREFACE 


This report presents the results of an investigation to determine the 
release and distribution of polychlorinated biphenyls during the open-water 
disposal of contaminated sediments in Elliott Bay, Puget Sound, Washington. 


The research was performed as a component of the Environmental 


dame 
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Research Program (DMRP), for the Office of the Chief of Engineers. It was 
supported by the U.S. Army Engineer Waterways Experiment Station (WES), 
Environmental Effects Laboratory (EEL), Vicksburg, Mississippi, under 
Contract No. DACW 39-76-C-0167 to the Department of Oceanography, Univer- 
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the U.S. Environmental Protection Agency, Grant No. R~800362, Dr. S. P. 
Pavlou, Principal Investigator. 
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consisting of Dr. R. N. Dexter, Messrs. W. Hom and A. J. Hafferty, and be 
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The EEL Project Manager was Mr. J. H. Johnson, under the supervision 
of Dr. R. M. Engler, Manager of the EICOP. 
The entire DMRP is administered by the EEL at WES under the general 
supervision of Dr. John Harrison, Chief, EEL. Director at WES during the 


study and preparation of this report was Col. J. L. Cannon, C.E. Technical 


Director was Mr. F. R. Brown. 
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AQUATIC DISPOSAL FIELD INVESTIGATIONS, 


DUWAMESH WATERWAY DISPOSAL SITE. PUGET SOUND, WASHINGTON 


APPENDIX Es RELEASE AND DISTRIBUTION OF 
POLYCHLORINATED BIPHENYLS INDUCED BY 


OPEN-WATER DREDGE DISPOSAL ACTIVITIES 
PART 1: INTRODUCTION 


1. Compared to some other inland waters of the United States, Puget 
Sound ts considered to be a relatively pristine system with respect to 
toxic substances. The area is largely undeveloped and does not receive 
excessive quantittes of municipal and industrial effluents as is the case 
with other major estuartes in the country. In addition, riverine fresh 
water input coupled with tidal action results in rapid dilution and flush- 
ing of pollutants from the system. In April, 1972, a project was initiated 
to study the distribution of chlorinated hydrocarbons in the region under 
support from the Environmental Protection Agency, Grant No. R-800302, The 
first samples were collected from Elliott Bay and when analyzed they 
revealed the presence of significant quantities of polychlorinated biphe- 
nyts (PCR). 

2. Since that time the presence of these chemicals has been docu- 
mented in all areas of the Sound. In general, the PCB concentrations were 
found to correlate with sites of increased industrial and municipal activ- 


ity with no apparent temporal trends. The highly industrialized Duwamish 
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Estuary contained the highest PCB concentrations observed in the Sound. 
Elliott Bay, which receives the Duwamish River discharge, also was found to 
contain elevated PCB levels showing a spatial distribution in surface sedi- 
ments which decreased with distance from the mouth of the river. A more 
detailed discussion on these aspects have been presented elsewhere. ?? =. 3 

3. A thorough examination of the PCB levels in the sediments of 
Elliott Bay and the Duwamish River indicates that the history of PCB input 
into this area has been somewhat sporadic over a fairly long period of 
time. Sediment cores often show marked differences in both the PCB types 
and their total concentrations as a function of core depth (1 cm horizon). 

4. Recently, the lower Duwamish River received a substantial input 
of PCB's when a transformer was cracked while being loaded onto a barge. 
Virtually the entire contents (250 gallons) of nearly pure PCB (Aroclor 
1242) were spilled into the river. The majority of this material was 
recovered initially by small, diver-operated suction dredging, followed by 
a major hydraulic dredging effort which removed the sediments from the 
entire affected area to a diked upland disposal site. These operations 
were monitored to evaluate the release of PCB into the river from resus- 
pended contaminated sediments. The mean concentrations of PCB's during the 
monitoring period were within the ranges normally observed in the river, 
suggesting that the dredging operations did not induce a significant PCB 
pulse of potential hazard to the estuary.’ 

5. During the course of these studies, part of the research effort 


has been directed to defining the important factors which affect the 
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transport of PCB within marine environments and the distribution of these 

compounds between the various components of the ecosystem (water, suspended 

particulate matter, plankton, and sediments). The results indicate that, 
in general, the PCB's are distributed by equilibrium partitioning between 
the water and the other components. Within the context of the present 
investigations, these observations have some important connotations with 
respect to the environmental impact associated with open-water disposal of 
dredged mateial. Sediments that have accumulated significant quantities of 

PCB's in a relatively contaminated area may subsequently re-equilibriate by 

releasing the bound PCB as a result of the relocation of the sediments into 

a Jess contaminated area, ji.e., the trap may become the source. More 

specific considerations are as follows: 

a. During open-water disposal, the PCB's that are bound to the 
sediments have an increased exposure to the relatively 
uncontaminated water which may result in their dissolution, 
and in turn can impose an immediate hazard to some organisms 
by direct uptake from the water column. 

b. The resuspension and dispersion of fine material from the 
contaminated sediments may also present a hazard for some 
organisms such as filter feeders. 

c. The sediments deposited at the disposal site may constitute a 
Jong term source of contamination to the system, both via 
uptake by benthic organisms and via desorption and dissolu- 
tion into the water column. 

6. This report presents a detailed examination of the above aspects 
based on data obtained from the field program. The primary emphasis is 


placed on the evaluation of spatia) and temporal trends of the PCB levels 


in the sediments and the water column within the disposal zone. It is 


aj? 








anticipated that the interpretations and conclusions drawn from this 
analysis will be incorporated into the overal) considerations in assessing 
the environmental effects associated with open-water disposal of dredged 
materials and in establishing realistic management practices. Appendices 
A'-E' to this volume present the detail data matrix, descriptions of methods 
and materials, along with the computer program and sample of the input/ 
output used for PCB data analysis. The appendices were reproduced in 
microfiche and are enclosed in an envelope attached inside the back cover 


of this volume. 
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PART II: DESCRIPTION OF STUDY AREA 


Regional Characteristics 


7. Elliott Bay is situated midway on the eastern shore of the 
central basin of Puget Sound (Figure 1). The surface area of the bay is 
approximately 14.4 km¢ and is defined by Magnolia Bluff as it$ northwest 
boundary and on the southwest by the Duwamish Head. The total volume of 
the bay comprises approximately 1.0% of the total volume in the Main 
Basin® and 0.5% of the entire Puget Sound volume. Bottom topography is 
characterized by steep marginal shore slopes around an internal basin of 
about 130 m in depth. This basin slopes gently to the northwest until it 
merges with the central Puget Sound basin. 

8. The southern portion of the bay is divided into two smaller 
basins by a bottom ridge which slopes northwesterly from the northern end 
of Harbor Island and extends to the center of the bay. This ridge may 
represent a delta built by the Duwamish River which discharges into the 
southern portion of the bay. 

9. The current structure in Elliott Bay has received little study. 
It appears that tide fluctuations (3.2 m mean tide range) generate a weak, 
generally counterclockwise, flow in the upper layers (< 50 m) of the bay, 
with water from the main basin entering around Duwamish Head. While deep 
water exchange between the bay and the main basin has no topographic 
restrictions, circulation in the deep layers is probably limited except 


during periods of deep water renewal within the entire Puget Sound system. 
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Figure 1. Geographical Location of Elliott Bay, 
Puget Sound, Washington (encircled area). 
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10. The Ouwamish River provides freshwater input to Elliott Bay at 
an average annua) rate of about 1,300 cfs." The flow is highly seasonal, 
reflecting the variations in precipitation and snow melt. The river 
discharge normally increases in late fall and again in late spring. The 
lower Duwamish forms a vertically stratified salt-wedge estuary with net 
outflow of fresh to brackish water at the surface and net inflow (upriver) 
of saline Elliott Bay water at depth. The highly variable flow of fresh- 
water is nearly always Seaward. However, the instantaneous movement in 
both layers may be either up or downstream. At its mouth, the river is 
split and discharges into Elliott Bay around both sides of Harbor Island. 
Dredging of the western channel and a shallow sill at the south end of the 
eastern channel result in the majority of the water exchange taking place 
via the West Waterway. The freshwater discharge forms a low salinity 
surface plume (1-15 m) in the southern portion of the bay. The behavior of 
this plume reflects a response to both tidal currents and wind stress. In 
the absence of strong southerly winds, the plume is "compressed" into the 
southern bay around the river mouth by flood tides. During ebb tides, the 
plume normally drifts northward, spreading along the northeastern water- 
front and following the shoreline until its identity is lost by mixing with 
Puget Sound surface water. As a result, the primary influence of the river 
discharge is felt in the southern and southeastern portions of Elliott Bay 
and along the Seattle waterfront. 

11. The lower Duwamish River is a navigable waterway, routinely 


dredged at three to four year intervals to maintain channel depths of 10 to 
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15 m. The lower river is highly industrialized and receives significant 
quantities of industrial wastes, as wel) as some municipal wastes dis- 


charged by the sewage treatment plant at Renton, Washington. 


Description of Study Site 


12. The total volume of dredge material disposed in Elliott Bay for 
the purpose of this study was approximately 114,000 ne? Ihe source of 
these sediments was a 1.88 km stretch of the upper Duwamish Estuary between 
river miles 3,90 and 5.07 (Figure 2). Previous studies in this area have 
established that the sediments of the entire Duwamish Estuary are contami- 


7 
pees However, the area of the river dredged has a 


nated with PCB. 
rapid sedimenta.. id is upstream of most industrialization. It was 
anticipated therefore tnat these sediments would not be grossly contami- 
nated, 

13. The disposal buoy was located over the 60 m depth isoline due 
north of the mouth of the West Waterway (47° 35’ 41" N; 122° 21' 42" W) and 
the disposal site station grid (1-16) comprised an area of 0.98 km? with 
the disposal buoy as its center point. The two reference sites were also 
located over 60 m of water and positioned east and west of the disposal 
site as shown in Figure 2. The west reference site has received histori- 
cally the least impact from the municipal, commercial and industrial 
activities of the Seattle area. Water flow over this location originates 
primarily from the main basin of Puget Sound rather than from the interior 
of Elliott Bay. On the other hand, the east reference site has received 


effluents from the Duwamish River, an unknown contribution from shipping 
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and nearby shore-based activities, as well as from a number of contaminated 
materials originating from sewage overflow discharges along the Seattle 


waterfront. 


Literature Review 


Regional studies 

14. No other study on the environmental impact of PCB's released 
during dredge disposal operations in Puget Sound has been conducted to 
date. Previous studies related to the environmental dynamics of PCB's in 
the region have been carried out primarily by our laboratory and are 
appropriately referred to throughout the main body of this report. The 
only investigation addressing some general aspects of sediment and water 
quality chemistry related to disposal of dredge spoils in this region has 
been conducted by Schell, et She” under support from the Municipality of 
Metropolitan Seattle (METRO). This project was a minor component of 
METRO's overall Interim Studies Program designed to assess the dispersion 
of chemical constituents released from the disposal of 283,000 ya” of 
Duwamish River material at Fourmile Rock, and the coupling of this pertur- 
bation to the water quality changes induced by the West Point effluent 
discharge. The parameters measured were limited to hydrography, nutrients, 
turbidity, suspended solids, pH (water column), and trace metals in water, 


suspended particulate matter (SPM), and a few sediment cores. Although the 


data were considered insufficient to warrant a reliable assessment of the 
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impact to the ambient chemistry within the disposal zone, it was indicated 
that the lateral! spreading of the dredged material was localized to the 

te immediate vicinity of the disposal site and dilution of the material by the 
tidal action reduced concentrations of the trace constituents to background 
levels. It was therefore concluded that no significant effects on the 


water quality parameters measured were observed. 


] 
] 
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Other studies 

15. In view of the paucity of the data related to environmental 
effects of PCB's released by open-water disposal activities, a literature 
| search was conducted through the computerized bibliographic services avail- 
able at the University of Washington's libraries to assembly information 


obtained in any similar studies conducted elsewhere. The search was 





bo: carried out using the POLLUTION data base on the SDC/ORBIT system and by 
; coupling PCB with the following keywords: DREDGING, POLLUTANT DISPOSAL, 
SOLID WASTE DISPOSAL, OCEAN DUMPING, DISPOSAL IMPACT, SEDIMENT TRANSPORT 
corresponding to pertinent processes, SEDIMENTS, SUSPENDED SOLIDS, and 
DREDGE SPOIL for material; and BENTHOS, BAYS, BRACKISH WATER, COASTAL 
WATERS, COASTAL ZONES, DISPOSAL SITES, MARINE ENVIRONMENTS, ESTUARIES for 


identifiers of locations. 


16. The search produced only one article of interest which summa- 
rizes the environmental impact associated with the dredging and disposal of 
contaminated materials in a stratified fjord of the west coast of Sweden.” 


A brief summary of relevance to the Elliott Bay disposal project follows. 
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17. The disposal material ( 2 x t0°n"} originated from pipeline 
dredging associated with the extension of the Uddevalla Shipyard and con- 
sisted of clay material highly contaminated with PCB (0.7-7 ppm) and 
mercury (1-6 ppm). The total amount of PCB in the spoil was 53 kg, con- 
tained mainly at the surface layer (3% of the tota) spoi) volume) of the 
sediments. The material was disposed below the permanent pycnocline of 
Byfjorden (usually between 11 and 20 m depth) at the deepest part of the 
region (50 m), which is normally anoxic. Although the author stated that 
the polluted material was buried by subsequent disposal of unpolluted 


sediments, thus minimizing iong term impact, no detailed justification for 


these conclusions was provided. 
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PART Tt: METHODS AND MATERIALS 


General Considerations 


Ld. This section provides a detailed discussion of the sampling, 
analytical, and data reduction methodology employed to complete the objec- 
tives of the project. The procedures described herein were designed to 
ensure the quality control required to establish a reliable data bank for 
assessing the impact of introducing PCB-contaminated dredged material in 


the water column and sediments of the disposal zone. 


Sampling Scheme 


19. The impact of the disposal operations on the water column was 
examined by monitoring concentrations of PCB in samples of whole water and 
suspended particulate matter (SPM) collected prior, during and following 
disposal. Basin hydrographic parameters (salinity, temperature, and 
dissolved oxygen) were also measured to describe the water mass movement 
within the study area. A similar scheme was established tor the sediments. 
Samples were collected both in the river and disposal area prior to dredg- 
ing, followed by extended monitoring during the disposal operations and 
after they were terminated. 

20. The sampling schedule is presented tn Table Lt. Sediment samples 
were Collected approximately 10 days prior to the initiation of dredging 
(cruises 35 and 3/7). Only water and SPM samples were collected during the 


disposal operation (cruises 55 and 5/7), and immediately after the cessation 
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of dumping (cruise 6/7). Water, SPM, and sediment samples were collected at 
intervals of ten days (cruise 76), one month (cruise 99), three months 
(cruises 168 and 170), six months (cruises 265 and 266), and nine months 
(cruises 342 and 343) after disposal ceased. 

* 21. The station locations are shown in Figure 2. The center of the 
dump-site station grid (stations 1-16) was marked by an anchored buoy which 
served as the reference point for the disposal and the dump-site stations. 
Reference sites were established, one on the east side of the bay (stations 
19 and 20) and one on the west side (stations 17 and 18). Station 44 was 
also occupied as a reference for monitoring the water column quality 
associated with the Duwamish River discharge. 


Water column 


22. Samples of whole water and SPM for PCB analyses were collected 
at three depths for each station: at the surface (0-1 m), intermediate 
depth (10 m from bottom), and deep (1 m from the bottom). Throughout Phase 
III (cruises 55 and 57), replicate water samples were collected at the 
reference sites (stations 17, 19, and 44) both before and after each daily 
series of disposals. During the actual disposal operation, a time series 
of water and SPM samples was collected at the center of the grid (station 


6). A detailed sampling scheme for the Phase III cruises is presented in 


Table 2. 








TABLE 2 
Sampling Scheme for Disposal Monitoring Cruises 
(Phase Ill, Cruises 55 and 57) 


Number of Samples Collected 


Station Time Whole Water SPM 

17, 19, 44 BO* 2(R)+ 

6 -30~-1++ 1 1 
0-1 1 1 
30-1 1 1 
60-1 1 1 
90-1 1 1 eT 
0-2 1 1 
30-2 l 1 ‘ 
60-2 1 1 
90-2 1 1 
0-3 1 1 
30-3 1 1 
60-3 1 1 
90-3 1 1 

17, 19, 44 AD** 2 


i Ter WOeON 2 ete a ne en ek ene i hy oo Le 





+ R denotes replicate sample. 


++ The time is expressed in minutes relative to the disposal episodes 
monitored on each of the Phase IV Cruises. t = 0 refers to the 
"dump" time. 





** After disposal. 
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23. During the first two Phase IV cruises (67 and 76), replicate 


water and SPM samples for PCB analysis were cotlected at the disposal site 
(stations 6 and 10). Replicate water samples were also collected at the 
reference sites (stations 17, 19, and 44). For the last four post-disposal 
cruises (99, 168, 265, 342), replicate water and SPM samples were taken at 
all stations (stations 6, 10, 17, 19, and 44). 

Sediments 

24. Sediment samples were collected during the pre-disposal monitor- 
ing (Phase II, cruises 35 and 37) and during Phase IV (cruises 76, 99, 168, 
265, 342). For cruise 35, sediments were obtained from 19 stations (sta- 
tions 21-39) located in the section of the Duwamish River that was subse- 
quently dredged (Figure 2). Depending on the penetration of the core tube, 
single samples of variable length were taken. On cruise 37, replicates of 
the upper 10 cm of the cores were collected at all stations in Elliott Bay 
(stations 1-20, Figure 2). On the post-disposal cruises, replicate cores 
were taken at each station. These cores were sectioned and both an upper 
horizon (from the sediment/water interface to 10 cm deep in the core) and a 
lower horizon (sediments deeper than 20 cm in the core) were collected. 
25. Hydrographic measurements were conducted by this laboratory only 

during the last five Phase IV cruises (76, 99, 170, 266, 343) at both the 

reference (17, 19, and 44) and grid stations (6 and 10). River water 


depths sampled at each station were: 1m, 5 m, 10 m, 10 m above bottom, 


and 1 m above bottom. 
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Shipboard Procedures 


Water column 

26. Whole water and SPM samples were collected with 53-liter, 
stainless steel samplers, -- modified by the replacement of the drain 
valve with a one half inch stainless steel Swagelok® quick disconnect. 
Approximately four liters of water were transferred from the sampler 
through a teflon-lined neoprene tube directly to solvent-rinsed glass jugs. 
Pesticide grade hexane was immediately added and the jugs sealed with 
teflon-lined screw caps. 

27. The remaining volume of water (~49 liters) was drawn through a 
pre-combusted 8" by 10" glass fiber filter (Reeve Angle 934 AH) using a 
large volume filter system (LVF) designed specifically for the collection 
of particulate PCB samples. A detailed description of this system is 
included in Appendix B'. Upon completion of filtering, the filters were 
transferred to solvent-rinsed glass jars, sealed with aluminum foil-lined 
screw caps, and stored frozen until processing and analysis. 

Sediments 

28. Sediment samples were collected using either a single or double 
barrel gravity corer with two inch fiberglass core liners. Samples for PCB 
analysis were extruded on board ship directly into solvent-rinsed glass 
jars, sealed with aluminum foil-lined screw caps, and stored frozen until 
processing and analysis. In the laboratory the samples were homogenized 
and aliquots prepared to determine the following: 


a. PCB concentrations in the total core. 
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PCR concentrations in the interstitial water (cruises 37 
and 76). 


c. Potential PCB release as indicated by the modified elutriate 
test. 


d. Oil and grease concentrations in the total core. 
e. Total organic carbon content (cruises 265 and 342). 


A detailed outline of the sediment sampling scheme is presented in Table 3. 

















TABLE 3 
Detailed Sediment Sampling Scheme : 

ania - PR oO eae, e 
Sampling Area Horizon 35 37 76 99 168 265 342 
River (21-39) upper X 
Disposal Grid upper X X X X X X 

(1-16) lower X X X X X X 
West Reference upper X X X X X X 

(17, 18) lower X x X X X 
East Reference upper X X X X X X 


(19, 20) lower X X X X X 





Hydrography 


29. Hydrographic samples were collected by standard oceanographic 


techniques using five liter PVC Scott-Richard bottles fitted with reversing 
thermometers. Samples were drawn for the determination of salinity and 


dissolved oxygen. 


Chemical Analysis 


30. The techniques developed in this laboratory for the analysis of 
chlorinated hydrocarbon (CH) residues in natural samples are based on 


established methods >" Ee; 33 


appropriately modified to accommodate 
specific types of samples. All procedures consisted of the same four basic 
steps: 


a. Extraction of the residues from the sample matrix using 
organic solvents. 


b. Removal of co-extracted interfering organic material. 


c. Analysis of the sample extract by electron capture gas 
chromatography (EC/GC). 


d. Spectral analysis and final data reduction. 
Steps c and d were identical for al) sample types and are discussed 


separately. 





Processing of samples for PCB analysis 


31. Whole Water. The extraction and clean-up procedures for whole 


water samples are basically those of Thompson, ¢ A teflon-coated mag- 


netic stirring bar was added to the jug containing the water sample and the 














hexane which was added during sample collection. The juq was placed ona 
magnetic stirrer and a strong vortex maintained for approximately 20 
minutes to ensure sufficient dispersion of solvent and maximum sample-sol- 
vent contact. The phases were allowed to separate unti} both were clean 
(~ 20 minutes). The hexane phase was drawn off by vacuum through a teflon 
tube into a one liter separatory funnel. The stirring-extraction process 
was repeated two times with additional 100 ml aliquots of hexane. Any 
water brought over into the separatory funnel while collecting the hexane 
layers was drained into a graduated cylinder and combined with the remain- 
der of the sample for an accurate volume determination. The sample was 
then discarded, 

32. The combined hexane extracts were eluted through a drying 
column containing pre-combusted anhydrous Na,S0,4 and transferred into a 
one liter Kuderna-Danish evaporative concentrator (KD) equipped with a 
three-ball Snyder column. The solvent volume was reduced to approximately 
5 ml on a water bath. The reduced extract was then transferred quanti- 
tatively to a glass-stoppered graduated conical centrifuge tube. An equa) 
volume of concentrated H5S04 
shaken vigorously for two minutes, and then the mixture was allowed to 


was added, the tube was stoppered and 


settle and react for a minimum of 12 hours. The solvent extract was then 
transferred, either quantitatively or as a measured aliquot, to a second 
graduated centrifuge tube and saponified by the method of Thompson. 4 
After saponification, the sample extract was made up to volume (*~ 1 ml) 


with trimethylpentane (TMP) and was ready for gas chromatographic (GC) 
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analysis. This procedure was used because the use of TMP reduces the 


solvent “tailing” during the GC analysis and also minimizes \ iume changes 
due to evaporation. 

33. SPM The SPM filters were macerated while still frozen or 
thawing, transferred into a pre-extracted Soxhlet Thimble (Whatman single 
thickness cellulose), and then extracted for a minimum of 36 hours with 
pesicide free acetonitrile (Burdick and Jackson "Distilled in Glass," 
or Mallinkrodt "Nanograde"). The thimbles were pre-extracted with aceto- 
nitrile for at least 12 hours prior to use (a number of thimble lots 
were found to be contaminated with Aroclor 1242 which was effectively 
removed by pre-extraction). The thimbles were normally re-used for many 
extractions. The solvent was run through the entire analytical procedure 
to ensure against residual contamination prior to its first use and at 
intervals between samples. 

34. The acetonitrile extraction was quantitatively transferred 
to a separatory funnel containing enough distilled water to produce 
at least a 3:1 dilution. The acetonitrile-water solution was then ex- 
tracted four times by two-minute shakings with approximately 50 ml] of 6% 
diethy] ether (Et,0) in hexane. The aqueous layer was discarded and the 
combined hexane layers dried in a column of pre-combusted anhydrous 
Na,S0 


2; e 
and the reduced extract was quantitatively transferred to a graduated 


The solvent volume was reduced to approximately 3 ml in a KD 


glass-stoppered centrifuge tube. One milliliter of TMP was added and the 


volume again reduced carefully on the water bath to Jess than 1m). One ml 
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of concentrated S04 was then added to the cooled centrifuge tube. 

The tube was then stoppered and shaken for one minute. The resulting 
mixture was allowed to react and the phases to separate for approximately 
12 hours. For most of the samples, the acid treatment was usually suffi- 
cient to remove interferences and to allow reliable quantitation of the 
PCB's. For additional cleanup, the samples were saponified. 

35. Sediments. The entire sample was thawed, usually in a cold 
room (< 15°C), and carefully homogenized with a cleaned stainless steel 
spatula. An appropriate aliquot (4 to 50 g) was transferred to a clean, 
tared 100 ml Pyrex beaker, weighed, and the beaker covered with aluminum 
foil. The aliquot was refrozen, freeze-dri. i, and reweighed. The dried 
sample cake was then broken up with a spatula and enough hexane was added 

| to just wet the sample but not create a slurry. A portion of precombusted, 
granular anhydrous Na,SO4 was added to the hexane-wet sample in the 
beaker, mixed carefully into the upper portion of the sample, and trans- 
ferred to a pre-cleaned Soxhlet thimble. Na,S0, was added repeatedly 


274 
until all of the sample was transferred. The total volume of Na,SO 


2-4 
used was about fifteen times the volume of dry sediment. The empty beaker 
was then reweighed to confirm the measurement of dry mass. 
36. The sediment-Na,S0, mixture was Soxhlet extracted with 
2:1 hexane/acetone (v/v) for at least 12 hours. A small amount of bright 
copper filings were added to ensure complete sulfur removal. The volume 


of the eluant was reduced, using a KD, and quantitatively transferred to 


a graduated, glass-stoppered centrifuge tube. An appropriate volume of 
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TMP was added and the hexane removed by distillation on a water bath (the 
centrifuge tube was equipped with a micro Snyder column). An equal volume 
of concentrated S04 was then added and the mixture allowed to react 

for about 12 hours. Finally, saponification was sometimes required for 
additional cleanup. 

37. Interstitial water. An aliquot of approximately 250 g of 
the thawed, homogenized sediments was transferred to a clean 300 ml stain- 
less steel centrifuge tube (Sorvall Model 55-3 centrifuge) and spun at 8000 
RPM for 15 minutes. The separated interstitial water was carefully decant- 
ed and filtered through a pre-combusted glass fiber filter (Reeve Angel 934 
AH, 2.5 cm) and collected into a tared 250 ml Erlenmeyer flask. The flask 
was reweighed to determine the mass of the sample. The flask and its 
contents were than extracted for PCB analysis by the whole water technique. 

38. It should be noted here that many of the samples were unavoid- 
ably biased (to an unknown extent) by the inclusion of some of the over- 
lying water with the sediment during collection. 

39. Modified elutriate. An aliquot of the thawed homogenized 
sediment sample was transferred to a clean, graduated cylinder containing 
100 ml) of filtered seawater. Sufficient sediment was transferred to 
displace about 200 mi volume, the actual value being accurately determined. 
The entire content of the cylinder was transferred into a clean glass 
bottle and 700 ml of filtered seawater was added to the bottle, some of 
which was used for washing the contents from the graduated cylinder. The 


bottle was sealed with a teflon-lined screw cap and shaken viqorously 
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several times over a period of about one hour 

40. After standing overnight to allow most of the sediments to 
settle, the water from the bottle was decanted and filtered through a 
precombusted glass fiber filter (Reeve Angel 934 AH, 4.5 cm) into a second 
clean and tared glass bottle. The bottle was reweighed, hexane added, and 
the sample extracted by the whole water technique. 

41. The seawater used in this procedure was collected at 60 m 
at station 6 of the disposal grid and was analyzed for PCB residues prior 
to the initiation of the test. Flow schemes for handling and pre-analysis 
processing of the main sample types are shown in Figures 3, 4, and 5. 
Processing of sediment samples for other chemical analyses 

42. Oil and grease (0G). A modification of the established tech- 
fique™ was used to determine the oi] and grease levels in the sediment 
samples. 

43. Approximately 50 g aliquot of the homogenized, freeze-dried 
sediment sample was transferred to a tared Soxhlet extraction thimble 
and reweighed. The sample was extracted for 24 hours with 300 ml of 
hexane. The hexane extract was quantitatively transferred to a Kuderna- 
Danish evaporator equipped with a tared receiver and a three-ball Snyder 
column. The extract was carefully reduced to dryness on a hot water bath. 
The receiver was subsequently vacuum desiccated for 24 hours and reweighed. 
The amount of hexane extractable was determined by weight difference. 

44. Total organic carbon (TOC). Approximately 4 g aliquot of 


homogenized, freeze-dried sediment was transferred to a tared beaker and 
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reweighed. Five milliliters of reagent grade 30% hydrogen peroxide (H0.,) 
was slowly added as the sediment was stirred. The beaker was placed on a 
warm heating plate (80°C) for several minutes to promote digestion. 
Frothing was controlled by careful stirring and immersion of the beaker in 
cold water. 

45. After this initial digestion, the beaker was covered with alum- 
inum foil and placed in a 70°C oven for approximately one half hour. The 
beaker was removed, an additional 5 ml of H,,0,, solution was carefully 
added with stirring, and then returned to the oven to complete digestion. 
The sample remained in the oven until dry. It was then transferred to a 
desiccator to cool and finally reweighed to determine the mass loss as a 
result of oxidation of the organic carbon, 

46. Although pyrolytic methods, attaining better precision than the 
technique employed in this work, are often used to determine TOC, the type 
of sediments analyzed here required the use of H,0, digestion. The 
Duwamish River Basin drains through rather extensive coal deposits which ‘ 
contribute significant quantities of fine coal fraqments to the sediments 
in the study area. Similar to the inorganic carbonate-carbon, the carbon 
associated with the coal cannot be included in the “total orqanic" content 
of sediments. Most iastrumental techniques which rely on high temperature 
oxidation are inappropriate for these sediments since the coal-carbon would 
bias the TOC measurement. Although the digestion method normally deter- 
mines 953 of the actual TOC, it has the advantage of avoiding coal-carbon 


interference. 
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Figure 5. Flow Scheme of Procedures for Sediment 
Extraction. 











Hydrography 
47. Hydrographic samptes were analyzed by standard techniques. 


Salinities were determined by an induction salinometer,»” and dissolved 
oxygen by the modified Winkler method of Thompson and Robinson. *° Final 
data reduction, including the calculation of sigma-t and percent oxygen 
saturation, was performed on the IBM 1130 computer system at the Department 


of Oceanography, University of Washington. 
Gas Chromatographic Methods of PCB Determination 


48. After processing, the final TMP samples’ extracts were analyzed 
by electron capture gas chromatography (EC/GC). All analyses were per- 
formed on a Tracor MT-220 gas chromatograph equipped with two O34; high 
temperature electron capture detectors. The columns were 2 m by 2 mm Pyrex 
glass tubing packed with 1.5% OV-17/1.95% OV-210 on 100-120 mesh Chromosorb 
W-HP. The carrier gas was a mixture of 5% methane in argon. Spectra were 
recorded on a Westronics MT~-22 strip chart recorder. Peak retention times 
and areas were determined by a Columbia Scientific Industries Model Super- 
grater-2 digital integrator. The PCB residues were characterized based on 
the following criteria: 

a. Only a limited number of organic compounds possess the 
specific chemical characteristics of PCB's; i.e., low polar- 
ity and resistance to both strong acid and alkali degradation 


required by the pre-analysis processing of samples. 


b. Their retention times must agree with the corresponding peaks 
in known standards on two different columns. 
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c. Their relative spectral intensities (peak areas or heights) 
must resemble the pattern generated by known standards. 


d. DDT and DDD are converted to DDE and DDMU, respectively, 
by ethanolic-KOH dehydrochlorination. 


e. The residues from randomly selected samples have been sub- 
jected to mass spectrometric analysis (GC/MS) under similar 
GC conditions. Confirmation of chlorobipheny? content 

in these samples was based on the observed mass-fragmentation 
patterns. Good agreement between GC/MS and EC/GC elution 
patterns for all sample types provided good evidence of 
their identity. 

49. The components of the PCB mixtures were identified by retention 
time. For residue confirmation a second column, Silar 10C on 100-120 
mesh Gas-Chrom Q, was recently added to the system. This alternative 
produces strongly different separations for the PCB and pesticides and is 
advantageous when the elution pattern is greatly altered compared to a 
standard, or in the presence of interferences not removed by the pre- 
analysis processing. However, the resolution with this column is not as 


great, and therefore the column has not been used for primary identifica- 


tion and/or quantitation. 
PCB Data Reduction 


50. The concentrations of the chlorobiphenyls (CB) were determined 
by comparing the response of individual peaks via the spectral analysis 
technique developed as part of our EPA study!” and are described in 
detail in Appendix C' to this report. With this technique the concentra- 
tions of the residues with the same degree of chlorination, N, could be 


determined, as well as the total residue content. This computational 
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scheme was programmed into the CDC 6400 computer system at the University 
of Washington for automatic data reduction. Detailed computational flow 
schemes and the program listing, including data inputs and outputs, are 
presented in Appendix D' of this report. 

51. Prior to the final analysis, the raw data for all sample types 
were evaluated according to the procedures listed below: 


a. Confirmation of GC spectral patterns and initial quantita- 
tion. 


b. Internal consistency check of residue values. 


c. Preliminary synoptic assessment of temporal and spatial 
trends. 


52. This procedure was adopted as a preliminary screening for flag- 
ging suspect data and detecting gross errors introduced by accidental 
mishandling of samptes, incorrect spectral quantitation, inconsistencies in 
replication, and contamination during analysis. In this manner, unrea- 
sonably large disparities from normal trends over the sampling periods and 
deviations of the data from historical and predicted behavior in the area 
could be identified prior to the initiation of statistical treatment and 
correlation analysis. 


Statistical analysis 


53. The chemical data generated throughout this project were first 





examined by a modified split-plot design and analysis technique. *® 
54. Water parameters. For the PCB concentrations in whole water, 


the dominant variables were station, location, time, and the depth at which 


«fj. 








the sample was collected. These variables were incorporated in the mode) 
as follows: 


a. Yaak =u + S; + (SD), 5 + I, * (ST) iy + (SOT); 5 + 


“1 (i5k) 
where Y is the sample value, u refers to the true population 
mean, with variance due to station (S, with i = 1, 2, 3, 4, 
5), depth (D, with j = 1, 2, 3), time (T, with k = 1, 2, 3, 
4, 5, 6), and error (€, with 1 = 1, 2, replication). SD, ST, 
and SOT refer to the station by depth interaction, the 
station by time interaction, and the station by depth by time 
interaction, respectively. Station locations are considered 
to be the dominant spatial factor in this design. 


Tr 


Yee. *u * 0; + (DS) 55 + Ty + (TD) i, + (DST) 5 5p + 


€ 
=" ijk 1(ijk) 


where Y is the sample value, u refers to the true population 
mean, with variance due to station (S, with i = 1, 2, 3, 4, 
5), depth as the dominant spatial factor. 

55. Sediment Parameters. A similar design was used to examine the 


concentration of PCB and oil and grease in the sediments. In this case 


Yea, @ + H —S 


ijk + Ty 1 (HT) 5) + (ST) 


ili) aki) * 145K) 
where H; refers to subgroups of stations, i.e., the habitats. The other 
notations are the same as presented above. The habitats were chosen based 
on initial inspection (visual) of the spatial trends exhibited by Y. 

56. The results of these analyses of variance (ANOVA) calculations 
allowed an initial determination of significant differences in the residue 


levels either spatially or with time. For all statistical tests the 


significance level of « = 0.05 (95%) was chosen. 
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57. When factorial analysis indicated that significant discontinu- 
ities were present, the means were compared pairwise, either between dif- 
ferent habitats within the same cruise (spatial differences), or between 
cruises within the same habitat (temporal effects). For these analyses 
the Scheffe multiple comparison procedure was used. 2? The equation is 
as follows: 


ere ee ee 
test statistics = x) - Xo + Yoenray ) fe) f," a 


were my si Xp are the habitats’ means being compared; k corresponds 


to total number of means being compared; F is the ratio of the mean squares 
at significance level ~« =0.05 for k-1 and \) degrees of freedom, & is the 

in appropriate variance (mean square) generated in the factorial analysis; and 
mn and no refer to the number of samples constituting the means. 


58. The difference between the means was considered significant when 


the range of the test statistic was greater or Jess than zero: 
a. When (xX, - X,) +) > 0. 


b. Or when (X, - X,) + V <0. 


Quality assurance 


59. The statistical analysis of the data as described previously 
includes a consideration of the random error associated with each data 
point. The procedures employed in this laboratory to ensure against 


systematic error or bias affecting results were as follows. 


ab 3- 





( 
CT . a 
nein buts 





os 


60. The principal source of bias is contamination. For all sample 
analyses, blanks (comprising approximately 10% of the total number of 
samples corresponding to a specific type) were run at regular intervals. 
These blanks were processed by carrying extraction solvents through the 
entire analytical procedure, but with no sample. At no time was any 
significant contamination observed in these blanks. The contribution was 
normally <2% of the lowest sample value. 

61. In the PCB analyses, the quantitation was based on direct 
comparison with standard PCB solutions. Alteration of these standards, 
e.g., by solvent evaporation, could result in erroneous results. The 
response data for the standards were stored in computer memory for each 
chromatographic run. This provided a convenient data base for comparing 
any changes in the response of the standards with time. No such changes 
were noted. 

62. To determine the errors associated with the make-up of the 
original standard solutions, or with the computation scheme, an inter- 
laboratory calibration check was performed. Table 4 shows the results of 
this intercalibration experiment between our laboratory (University of 
Washington) and Dr. Stout's facilities at the National Marine Fisheries 
Service (NMFS), Seattle, Washington. Each laboratory exchanged 15 sample 
extracts which were analyzed and quantified by the techniques used rou- 
tinely by their respective staffs. The data show that while there were 
some relatively small differences for some samples, there was no apparent 


systematic error. 
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Sample No. 


V1758 
Vv1760 
V1772 
V1776 
V1786 
V1795 
V1797 
V1798 
v1801 
V1803 
V1804 
V1841 
V1857V 
V1868F 
V1908(1: 10) 


cis the fractional deviation and is defined as (\= 


TABLE 4A 


UW 


0.09974 
0.08248 
0.1696 
0.1613 
0.7068 + 0.0018 
0.2528 
0.1302 
0.9905 
0.2321 
0.4056 
0.5660 
0.4273 
4.426 
2.095 
4.782 
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PCB (ug/g tissue) 
NMFS 


0.164 
0.107 
0.168 
0.168 
0.680 
0.333 
0.190 
0.821 
0.291 
0.524 
0.593 
0.265 
3.66 


5.90 


ae] 


Summary of the Intercalibration Results 
With The National Marine Fisheries Service 


For PCB Analysis of Tissue Samples 


Fractional 
Deviation 
(OQ) 
-0.64 
-0.30 
0.01 
-0.04 
0.04 
-0.32 
-0.46 
0.17 
-0.24 
-0.25 . 
-0.05 
0.38 
0.17 
0.21 
20.23 
N= -0.11 


UW - NMFS 


UW 
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TABLE 48 


Summary of the Intercalibration Results 
With The National Marine Fisheries Service 


For PCB Analysis as Sediment Samples 








~~ Fractional — 


Sample No. __ PCB (ug/g dry sediment) Deviation 
UW NMFS (Q) 
AS 170 0.294 0.398 -0.35 
412 0.497 0.341 0.31 
413 1.629 0.873 0.46 
416 0.476 0.538 U.13 
417 U.243 0.347 -0.43 
418 1.222 0.659 UV. 46 
421 U.031 0.016 0.48 
422 0.184 0.259 -0.41 
424 U.029 0.018 0. 38 
426 0.031 0.019 0.39 
427 0.009 <0.012 as 
438 0.684 0.550 0.20 
441 0.306 0.343 -0.12 
442 0.305 0.350 -0.15 
443 U.592 0.492 U.17 
446 U.574 0.574 __ 0.00 
A\- +0.08 


- F 
Cis the fractional deviation and is defined as. \= a 
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PART IV: RESULTS AND DISCUSSION 


63. All chemical data collected in this subproject for all sample 
types are tabulated in Appendices A' and D' to this volume. For clarity, 


water column and sediment parameters are discussed separately below. 








Water Column Parameters 





Hydrography (salinity, temperature, and sigma-t) 
64. The salinity, temperature and sigma-t data collected during 
the post-disposal cruises are tabulated in Appendix D'. Vertical profiles 
for each station are also included. These data show the common features 
exhibited by the water column in Elliott Bay; i.e., the relatively thin 
halocline and pycnocline at the surface, and an essentially uniform water 
mass in the lower sartios of the bay. 
65. Seasonal effects are apparent in the excursion of the surface 
temperatures from about 7.5°C in March of 1976 to about 12°C in June, 4 
followed by decreasing temperatures again in the early and late fall. 
66. During this particular cruise series, river discharge was much 
lower than what is commonly observed in normal years, reflecting the 
unusually low precipitation conditions in the Pacific Northwest during 
1976. As a result, the surface low salinity was not well developed and 
essentially disappeared with the onset of fall cooling and the accompanying 
surface mixing. By December (cruise 343) nearly all vertical density 


and salinity structure was lost, exhibiting vertical homogeneity in the 
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water column. 
PCB characteristics 
6/7. The chlorobiphenyls (PCB) conceatrations measured in whole water 
and SPM samples are presented in detail in Appendix A’. The results are 
examined in two independent sections. 
a. In terms of the time series generated during the two cruises 
where the disposal operations were monitored on a continuous 


basis. 


b. In terms of the six cruise series conducted over a nine 
month period after disposal had ceased. 


oO8&. Time plots of the total chlorobipheny) (TCB) concentrations 
at the buoy site during the two disposal monitoring cruises (55 and §7) are 
shown in Fiqures 6 and 7. Jn general the data from both days indicate 
rather rapid pulses of very high concentrations associated with each of the 
three large dumping events. the highest concentrations were observed at 
the bottom depths. These pulses are of very short duration and are within 
the same time frame of the dumping episodes. After each pulse the ambient 
concentrations rapidly return to pre-dump condittons. However, on both 
days there was a significant residual increase after each dump which 
resulted in an overall but slight increase in TCR levels by the end of each 
monitoring period. This can clearly be seen by comparing the values at the 
reference station measured before and after each disposal operation (Table 
5). The TCB concentrations measured prior to disposal are of similar 


magnitude to those observed in earlier studies within the Elliott Bay area, 


) 


approximately 3 ppt.’ * 





en 








69. The temporal and spatial trends were examined over the post- 
disposal cruise series. The discusion which follows relies primarily on 
the whote water measurements, since they provide a more complete data set. 
The TCB data for water and SPM are summarized in Tables 6 and 7. Plots of 
the average concentrations at each station versus time are shown in Fiqures 
8 and 9, In general the TCB concentrations in the SPM correspond wel) with 
the trends in whole water. 

70. Since the water column is normally stratified, at least in the 
surface layers within Elliott Bay, it was deemed appropriate to examine the 
vertical profile of PCB concentration in terms of the hydrographic charac- 
teristics of the sampling site and to determine whether reidues originating 
from the disposal operation were maintained and distributed primarily at 
specific depth layers. The data indicated that within the depth strata 
sampled the highest JCB Jevels were observed at the surface. However, 
depth dependence was not statistically sianificant and was consistent with 
the vertical uniformity observed in the salinity, temperature, and density 
profiles. Nevertheless, this gradient suggests that the low salinity water 
discharged by the Duwamish River is a major souce of contamination within 
the bay. These considerations agree with the trends observed in our 
earlier studies. °° . 

71. The data from all depths at each station were treated statis- 
tically to determine the existence of spatial and temporal treands. 
Although it appears that there is a general trend toward lower PCB concen- 


trations in the water within each station, only the difference between the 


49. 
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Figure 6A. Plots of Whole Water Total PCB (TCR) 
Concentrations at the Buoy Site 
(Station 6) Versus Local Time on 
Cruise 55; O - Surface, 
(}- Mid-Depth, .\ - Bottom. 
Arrows indicate Approximate Times 
of Dump Episodes. 
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Figure 6B. 
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Figure 7A. 
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Plots of the SPM Total PCB Concentrations (TCB) 


at the Buoy Site (Station 6) Versus Local 


Time on Cruise 55;O - Surface, 


[J- Mid-Depth, A - Bottom. Arrows indicate 
Approximate Times of Dump Episodes. 
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Figure 7B. Plots of the SPM Total PCB Concentrations (TCB) 
at the Buoy Site (Station 6) Versus Local 


Time on Cruise 57;© - Surface 
O- Mid-Depth, O - Bottom. Arrows indicate 
Approximate Times of Dump Episodes. 
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TABLE 5 
TCB Concentrations in Whole Water Samples 
» Collected Before and After the Disposal Operations* 
j Station 17 Station 19 Station 44 
Cruise = LB ae... Be. a. aa a BS ae 
55 2.28 7.45 3.23 10.69 3.98 9.30 
57 3.46 10.96 6.52 13.35 6.09 14.03 








*Values for TCB are in units of x io g/ml (ppt). 
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TABLE 6 


Mean Total Chlorobiphenyl Concentrations in Whole Water 
Samples at each station for the Post Disposal Cruises 


HAB-STA NO. 1 10 17 19 44 
CRU 
67 5. 30* 4.06 4.44 12.25 6.05 
76 1.62 3.31 Zouk 3.31 4.86 
99 3.43 3.13 (a 3.21 7.75 
170 2.93 7.93 £.95 1.41 1.65 
266 2.32 2.29 1.47 2.25 1.40 
343 99 1.04 1.06 1.49 6.68 


*TCB concentrations are in units of x 10718 icpymi water. 





TABLE 7 


Mean Total Chlorobiphenyl Concentrations in SPM 
Samples at each station for the Post Disposal Cruises 


HAB-STA_ NO. 6 10 17 19 44 
® CRUISE 
67 4.20* 2.58 -1.00 -1.00 -1.00 
76 2.37 2.34 -1.00 -1.00 -1.00 
99 1.86 1,64 1.62 1.75 3.75 
170 1.45 1.14 1.00 1.49 1.38 ie 
266 -68 49 - 58 1.74 1.04 


343 -98 Lei2 1.06 3.11 3.06 ¥ 


*TCB concentrations are in units of x 107", TCB/m) water. 
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Figure 8. Plots of the Mean Habitat TCB 


Concentrations Versus Time — 


for Whole Water (Post-Disposal 
Cruise Series). 
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Figure 9. Plots of the Mean Habitat TCB 
Concentrations Versus Time 


for SPM (Post-Dispusal Cruise 
Series). 
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first post-disposal cruise (67, two days after cessation of dumping) and 
all subsequent cruises was significant. The mean PCB value for al] sta- 
tions within the bay for cruise 67 was approximately 7 ppt and was higher 
than what has been observed in the past. 

72. Comparisons between stations within each cruise did not yield 
any significant differences, although the levels at stations 19 and 44 
were generally higher than the other three stations. This again probably 


reflects the input from the industrialized river and Seattle waterfront. 


Sediment Parameters 


PCB characteristics 

73. River sediments. The concentrations of TCB observed in the 
river sediments (stations 21-39) which provided the source of material for 
the disposal project ranged between 0.01 and 6.98 ppm. A profile of these 
values over the stations sampled is presented in Figure 10. Considerable 
spatial variability was observed with high levels occurring in the northern 
section of the river. These high levels were associated with what appeard 
to be a rather narrow band of highly contaminated sediments centered around 
station 25. Both up and downstream the levels decrease fairly reqularly. 
Upstream of station 13 there was a marked decrease in TCB concentrations to 
a constant level of about 0.2 ppm. The abnormally low values observed in 
stations 30 and 38 are due predominantly to the coarse grain of these 
sediments (sand) as compared to the other samptes cottected. The mean 


TCB concentration throughout the section of the river sampled was 2.05 
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Figure 10. Plots of the Total PCB (TCB) 
Concentration in Sediments 
Versus Relative Distance 


Station Number) Within the 


Duwamish River Site. 
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ppm. It should be noted that this value does not correspond to the mean 


value determined in the sediments at the disposal site because the spatial 
variability of PCB concentrations within the river sediments and the 
quantities of material dredged that contained a given concentration of PCB 
were not accounted for in the averaging process. 

74. As has been discussed previously,” characterizing environ- 
mental CB through measurements of the relative mass fractions, Fn, of the 
N-CB components constituting the PCB mixture provides useful data for 
assessing the dispersal of these chemicals and tracing their source. The 
characteristic Fn distribution, or "fingerprint", of the river sediments is 
shown in Figure 11 as a plot of Fn versus the chlorine number, N. The 
values were generated by determining the relative concentrations of corres- 
ponding N-CB, averaged over all the river stations. While the pentachloro- 
biphenyl (5-CB) residues predominated, significant quantities of lower 
chlorinated biphenyls were observed. In particular, the trichlorobiphenyl1s 
(3-CB) averaged about 20% of total. There was relatively little spatial 
variability in the Fn distributions of the river samples compared to the 
large fluctuations in the corresponding TCB concentrations. It is also 
worth noting that many of the CB values observed in the river were cons- 
iderably higher than what had been anticipated. Previous studies have 
relied on relatively low intensity, synoptic samplings under the assumption 
that CB levels were reasonably continuous between sampling points. The 
CB concentrations in the upper reach of the dredged river site were com- 


2, 20 


parable to these previous studies. Unfortunately, the lower reach, 
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Figure 11. Plots of Averaged Relative Mass 
Fraction, Fu, Versus Chlorine 


Number, N aor the Sediments 
at the Duwamish River Dredged 
Site. 
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between stations 21 and 30, had not previously been sampled. As a result, 
it is not possible to determine the historical sequence of inputs leading 
to the elevated CB levels. These CB are most likely not related to the 

transformer spill in the lower Duwamish in September 1975. Although some 


upstream movement of the latter material was observed, the translocation 
21 






was limited within a few hundred meters from the Slip 1 spill) site. 


75. Background conditivn at the disposal site. TCB concentrations 


within the sediments of the disposal zone and reference areas prior to 






dumping (background conditions, cruise 37) are included for the upper 









horizon in Table 8 as mean values for each habitat. (The groups of sta- 







tions constituting the habitats and the rationale for this breakdown are 






discussed in the next section.) A pronounced PCB gradient is shown which 






consists of significantly higher levels in the east (along the Seattle 


waterfront) and central portions of the bay, decreasing to the west. 






Although in general this is consistent with the deposition pattern of 


contaminated sediments discharged from the Duwamish River as observed in 






previous studies (see discussion in Part I), it should be pointed out here 


that the spatial nonhomogeneity within the grid is very pronounced. Even 






within as small an area as that defined by one station, PCB levels varied 


as much as eightfold. For example, although the average TCB concentration 






at the disposal site was 0.2 ppm, a single sample (station 13) had a 






measured value of 1.7 ppm. The field replicate of this sample was 0.15 





ppm. 





76. Spatial variability in the PCB type was also noted when the 


relative mass fractions were compared. For example, Figure 12 compares 

a plot of the Fn values averaged over all cruise 37 samples versus N 

with a similar plot for the high concentration sample from station 13 
referred to above. While the 5-CB residues predominate in both, the 
station 13 sample was enriched in 6- and 7-CB and in fact had a component 
distribution nearly identical with that of Aroclor 1260 type PCB. Similar 
differences were noted in the relative N~CB concentrations at other sta- 
tions. It seems improbable that such high variability in concentrations 
and PCB type could be generated by normal estuarine deposition. Rather the 
data indicate that the least part of the background CB levels resulted from 
direct inputs of CB containing materials, e.g., ship discharges, waste 
dumping, or spills. It is also important to compare the Fn relationships 
of river and disposal zone sediments. Even though there is some overlap in 
the concentration ranges observed in the two areas, all river samples were 
comparatively enriched in lower chlorinated biphenyls. This difference 
provides an effective means of accurately discriminating between the two 
sediments. 

77. Post-disposal characteristics. To facilitate visualization of 
the general spatial and temporal trends of CB residues in the disposal and 
reference zones during the pre- and post-disposal cruises, three-dimen- 
sional histograms of TCB concentrations were constructed as shown for the 
upper horizon in Figures 13 and 14. Inspection of these histograms indi- 


cates that after disposal the highest concentrations were encountered 
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Figure 13. Three Dimensional Histogram 
of the Total PCB Concentra- 
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Figure 14. Three Dimensional Histograms 
of the Total PCB Concentra- 
tions in Sediments for the 
Upper Horizon (Southward 
Direction). 














at the central section of the station grid with values diminishing roughly 
radially away from the center. Based on this feature, the grid stations 
were sorted into three habitats consisting of the corner (1, 4, 13, 16), 
side (2, 3, 5, 8, 9, 12, 14, 15), and central stations (6, 7, 10, 11). The 
residue levels within these habitats and the two reference habitats (17, 18 
and 19, 20) are presented as habitat means in Tables 8 and 9. The mean 
values for each habitat are plotted as a function of time (sequential 
cruise number) in Figure 15. 

78. By examining these data it is clear that there was a significant 
increase (at the 95% confidence level) in the PCB concentrations within 
the upper horizon at all grid habitats following disposal. At the same 
time, no significant change was noted during the cruise series at the 
reference stations. Although there is an apparent trend toward increasing 
concentrations at the grid site during the later cruises, (especially at 
the side and corner habitats) these increases were not significant. 

79. Although the mean habitat CB concentrations decreased in the 
order central > side > corner during all post-disposal cruises, when the 
comparisons are based on the TCB concentrations, these differences are not 
statistically significant. However, the fact that these differences are 
real can be established by using the 3-CB levels for comparison, since this 
component provides a better discrimator between the disposal site back- 
ground and the river sediments. 

80. Based on the 3-CB concentrations, the central habitat had 


significantly higher CB levels than the corner habitat during the first two 
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HABITAT 
CRUISE 


37 
76 
99 
168 
265 
342 


TABLE 8 


Mean Habitat TCB Concentrations in 


the Upper Horizon Sediments for Each Cruise 


Corner 


425.85* 

912.38 

894.78 
1331.69 
1339.10 
1575.96 


Central 


246.47 
2194.95 
2127.76 
2187.23 
2938.18 
3441.79 


Side 


369.83 
1256.56 
1320.05 
1365.57 
2257.83 
1692.97 


ERA 


310.92 
243.10 
309.59 
233.75 
451.00 
467.11 


*TCB concentrations are in units of ng TCB/g dry sediment. 
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WRA 


59.45 
86.61 
85.94 
81.96 
86.33 
103.94 








HABITAT 
CRUISE 


37 
76 
99 
168 
265 
342 


TABLE 9 


Mean Habitat TCB Concentrations in 


Corner 


425.85* 
369.23 
185.11 
248.05 
439.37 
685.88 


Central 


246.47 
1758.32 
1252.83 
1259.05 
1986.98 
1635.24 


Side 


369.83 
366.51 
321.72 
631.39 
637.60 
980. 38 


the Lower Horizon Sediments for Each Cruise 


ERA 


310.92 
26.59 
816.10 
78.70 
374.79 
251.16 


*TCB concentrations are in units of ng TCB/g dry sediment. 
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WRA 
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igure 15. Plots of Mean Habitat TCB 
Concentrations Versus Time 


for Sediment in the Upper 


Horizon. 





post-disposal cruises. Subsequently, as a result of the small increases in 
CB concentrations at the corner and side stations, these differences could 
no longer be distinguished. 

81. PCB concentrations in the lower horizon of the grid during 
the post-disposal period showed the same general behavior. It must be 
remembered that the lower horizon consists of the section of the sediment 
corer greater than 10 cm in depth. As a result, they can be used to a 
certain extent to estimate the depth of the sediment deposit within that 
core. 

82. The data obtained for the lower horizon sediments were organized 
and are presented in a manner similar to that provided for the upper 
horizon. Three-dimensional histograms of the averaged TCB concentrations 
at each station for each cruise are presented in Figures 16 and 17. Mean 
habitat TCB values are tabulated in Table 9 and plotted as a function of 
time (sequential cruise number) in Figure 18. In addition, the background 
sediment data (cruise 37) have been included for comparison since at many 
stations what was surface sediment prior to disposal became buried and a 
lower horizon constituent afterwards. 

83. The statistical analyses of temporal and spatial trends was 
based on the trichlorobipheny] (3-CB) concentrations to provide the most 
sensitive discrimination between the background sediments and those depos- 
ited during the disposal operation. The mean habitat concentration of 3-CB 


in the lower horizon are tabulated for each cruise in Table 10. 
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Figure 16. Three Dimensional Histograms 
of the Total PCB Concentrations 
for the Lower Horizon (North- 
ward Direction). 
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Figure 17. Three Dimensional Histograms 
of the Total °CB Concentrations 
or the Lower Horizon South- 
ward Direction). 
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Figure 18. Plots of the Mean Habitat 
PCB Concentrations Versus 
Time for Sediments (Lower 
Horizon). 
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TABLE 10 
Mean Habitat 3-CB Concentrations in 


the Lower Horizon Sediments for Each Cruise 


HABITAT Corner Central Side cRA WRA 
CRUISE 

37 5.12* 3.02 13.45 9.98 1.39 

76 12.64 292.82 32.55 1522 255 

99 4.30 196.30 22.22 341.00 .80 saad 
168 9.91 220.34 45.91 2.31 41 

265 26.70 413.37 98.77 10.04 1.35 ‘ 
342 83.56 322.46 187.71 6.01 507 


*3-CB concentrations are in units of ng 3-CB/g dry sediment. 











84. Comparions of the 3-CB concentrations between the upper and 


lower horizons showed no significant differences within the central habitat 
during any post-disposal cruise, indicating that the depth of the deposited 
sediments was greater than the core tube penetration (as great as 30 cm). 
In contrast, both the side and corner habitats always showed significantly 
lower 3-CB concentrations in the lower horizon than was observed in the 
overlying sediment. 

85. Similar to the residue levels in the upper horizon, the lower 
horizon of the central habitat showed a significant increase in CB con- 
centrations immediately after disposal, with no changes noted in later 
cruises. On the other hand, neither the side nor corner habitats increased 
significantly immediately following disposal, indicating that the depth of 
the original dredged materials deposit was less than 10 centimeters thick 
around the periphery of the disposal zone. The data from later cruises, 
however, showed a trend toward increasing CB concentrations within the 
lower horizon sediments at the side and corner habitats. After six months 
(cruise 265), the lower horizon at the side habitat had reached CB con- 
centrations significantly higher than those observed in the background 
surface sediments (cruise 37). Similar trends were seen at the corner 
habitat, but a significant increase in lower horizon CB concentrations did 
not occur until the ninth month (cruise 342). 

86. Comparisons of the mean 3-CB concentrations for each habitat 
within cruises correlate with these temporal trends. For the first month 


after disposal (cruises 76 and 99), the lower horizon of the central 


age 





habitat had significantly higher residue levels than the corresponding 
horizon at either the side or corner habitats. By three months (cruise 
168), however, the side and central habitats were no longer siqnificantly 
different. At none months, nine of the three habitats were significantly 
different from each other. These trends are apparent in the "leveling" of 
the histograms with succeeding cruises shown in Figures 16 and 17. 

87. In view of the above considerations a number of factors should 
be emphasized: 


a. The overall spatial and temporal features of the CB con- 

centrations suggest that the sediments deposited at the 
disposal site were not stabilized during the monitoring 
period; they were slumping from the center of the grid to 
the periphery. This phenomenon might have some important 
connotations to the impact on the benthic biota, specifi- 
cally the process of recolonization of the disposal area. 
An unstable environment characterized by shifting, uncon- 
solidated bottom material should provide a poor substrate 
in which benthic organisms can be established. 


b. The absence of significant reduction in CB levels in the 
grid site indicates that no major resuspension or bed-load 
transport of bottom material has occurred throughout the 
monitoring period. This is not unreasonable if one con- 
siders the rather weak and variable velocity field along 
the bottom of Elliott Bay, and the internal consistency of 
the PCB data with the other physical and chemical measure- 
ments conducted in the water column. 


c. Even though both the interstitial water measurements and 
modified elutriate test (described in the following sec- 
tions) indicate that CB concentrations in water in equil- 
ibrium with these high CB concentrations in the sediments 
are greater than what were observed in the water column by 
an order of magnitude or more, there was no evidence of 
rapid desorption and mobilization of CB. 


. 











88. The total amount of PCB deposited in Elliott Bay as a result of 
the disposal operation was estimated as follows. An average value of 2.0 x 
10° TCB/g dry sediment was determined from the PCB data obtained in the 
river sediments prior to dredging. The total volume of the sediments 
dredged was about 1.1 x iow! Assuming a wet density of 1.3 g/em® 
and 50% water content by weight, a value of 1.4 x 10°g TCB was calculated 
to have been deposited in the sediments at the disposal site in Elliott 
Bay. 
89. Based on the PCB levels observed in previous tidies. ee 
an average background concentration of about 200 x 10°" TCB/g dry 
sediment was estimated for the entire bay. Although it must be recognized 
that the high spatial nonhomogeneity makes such an estimate suspect, the 
relatively low values (50 ~ 100 x 10°%g TCB/g dry sediment) previously 
observed for most of the central, northern, and western portions of the 


bay ,”? 20 


Suggest that this value is not unreasonable. 
90. Assuming this value is uniform to a depth of 10 cm in the 
sediments, a surPece ares of 14.4 kan ‘ and the sediments to be 50% 
solids, the amount of TCB contained in sediments of the bay prior to 
dredging was estimated to be 1.4 x 10°q. 

91. Although these estimates are undeniably crude, they still 
indicate that the amount of PCB transferred to the sediments of Elliott Bay 


was not negligible, and may have doubled the previous quantities. However, 


with the present limited knowledge of the sediment dynamics of PCB, the 
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ecosystem importance and ultimate impact of this increase cannot be pre- 
dicted. 
Interstitial water 

92. The concentrations of TCB measured in the interstitial water of 
the sediment samples from cruises 37 (background) and 76 (one week after 
disposal) are presented in Appendix A'. Unfortunately, the small volumes of 
water which could be recovered from the sediments (usually 40 ml or less) 
introduced a large error in quantitating the CB residues in these samples. 
Furthermore, a number of samples showed anomalously high CB levels, pro- a 
bably due to contamination of the filtrate by fine sediment particles. 

93. Averaged values for the disposal grid and east and west refer- 
ence areas are presented in Table 11. The values averaged near 100 x 
107} g/m in all areas and showed no obvious dependence on the PCB levels 
in the corresponding sediment matrix. Any significant trends or cor- 
relations were lost in the high variability associated with these measure- 
ments. 
Modified elutriate test 

94. Results of the modified elutriate test performed with river 


sediments are presented in Appendix A' and plotted as a function of river 





station in Figure 19. These values correspond very well with the concen- 
trations of CB in the source sediment matrices as can be seen by comparing 


Figure 19 with Figure 10. As expected, a regression analysis performed on 


se ny 


the data (Figure 20) showed a significant linear correlation (R = 0.82). 
Depending on the CB concentrations in the sediments, the water concentra- 


tions ranged from a high of 439.1 x 107 t2 g/m to a low of 12.7 x 107 g/m. 
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TABLE 11 


Averaged TCB Concentrations in the Interstitial Water* 


Cruise Area 
Disposal East West 
Grid Reference Reference 
37 122.8 160.5 42.68 
76 154,9** 96.7 72.40 
128.7+ =S on 


* Concentrations are reported in units of 10" !? g CB/g H,0 (ppt). 
** Upper horizon. 
+ Lower horizon. 
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Figure 19. Plots of Modified Elutriate PCB 
Concentrations Versus Relative 


Distance (Station Number) Number) Within 


the Duwamish River Site. 
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Figure 20. Plots of the TCB Concentrations in the Water 
From the Modified Elutriate Test Versus Their 


Concentration in the Corresponding Sediments 
for the Duwamish River Site. 
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Qil_and grease 


95. The concentrations of oi] and grease (0G) observed in the 
sediments are presented in detail in Appendix A'. The mean values for each 
habitat are summarized in Table 12. 

96. In general, the behavior at the dredging site, both spatially 
and temporally, of 0G residues closely paralleled that of the PCB. A 
regression analysis on the 0G and PCB data indicates a slight dependence of 
the PCB concentrations on 0G (a = 0.05) with a slope only slightly greater 
than zero. Due to the large scatter of the data (R = 0.415), no specific 
trends are apparent. Figure 21 shows the 0G levels in the river as a 
function of river station. This distribution in the river agrees with the 
corresponding spatial trends of PCB data (Figure 10). However the averaged 
river value (0.92 mg OG/g dry sediment) must be interpreted with some 
caution as noted earlier for the PCB residues. 

97. In the bay the spatial distribution of 0G also decreased from 
east to west, although in this case the east reference area has signifi- 
cantly higher 0G levels than the disposal grid or west reference habitats. 
The levels of OG at the east reference habitat were at least as high as the 
averaged river value. 

98. After disposal the same spatial trends were exhibited. No 
temporal effects were noted at either reference habitat. Within the 


central grid habitat, a significant increase was noted immediately after 





disposal, but the concentrations remained essentially constant after that. 


Both the corner and side stations increased slightly, but not significantly, 
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HABITAT 
CRUISE 


37 
76 
99 
168 
265 
342 


Mean Habitat 0i] and Grease Concentrations in 


TABLE 12-A 


Upper Horizon Sediments for Each Cruise 


Corner 


09% 

Pai 
1.00 
1.42 
1.21 
1.31 


Central 


1.59 


Side 


-66 
ht 
-99 
1.09 
1.14 
sO 


ERA 


1.07 
VeOe 
1.98 


WRA 


53 
33 
-42 
30 
seit 
41 


*0i]l and grease concentrations are in units of mg OG/g dry sediments 
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TABLE 12-B 


Mean Habitat Oil and Grease Concentrations in 


Lower Horizon Sediments for Each Cruise 
HABITAT Corner Central Side ERA WRA_ 
CRUISE 
37 -1.00* -1.00 -1.00 -1.00 
76 «63** -84 85 me 
99 92 -70 1.25 31 
168 91 ‘ 1.07 “ak 
265 1.06 1.98 42 
342 1.05 1.96 : 2.34 18 


*-1.00 indicates that no data were collected. 
**0i1 and grease concentrations are in units of ing OG/g dry sediments 
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Fiqure 21. Plots of the 0G Concentration Versus 


Relative Distance (Station Number 


Within the Duwamish River Site. 








immediately after disposal and continued an increasing trend through the 
remaining post-disposal cruise series. By the third month the values had 
increased to a level significantly greater than those observed prior to 
disposal. In comparing habitats, the 0G concentrations prior to disposal 
were not significantly different at the grid habitats and the west refer- 
ence station. All these areas were significantly lower than the east 
reference habitat. After disposal the concentrations at all grid habitats 
increased and were greater than the west reference habitat. Within the 
disposal grid, the mean 0G level of the central habitat was higher than 
those of the corner and side habitats, but never significantly greater. 

99. In general, it appears that sources for oi] and grease are 
more uniformly distributed throughout the industrialized areas of the 
Seattle waterfront and lower Duwamish River as compared to the CB sources. 
This is indicated by the similar 0G residue concentrations observed at the 
river stations and at the east reference area. 
Total organic carbon (TOC) 

100. The TOC values for the sediments collected during the last 
two cruises are presented in Appendix A'. The means are summarized in Table 
13. Since a complete data set for the entire monitoring period was not 
generated by this laboratory, no ANOVA analyses were performed. However, 
by inspection of Table 13, the TOC/PCB and TOC/0G correspondence can be 
examined synoptically. TOC values are higher in the upper horizon, par- 


ticularly within the central habitat. No temporal trends are apparent. 
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101. The relative TOC levels at the reference stations compare best 


with PCB residues. The per cent carbon at the east reference habitat was 
about the same as that at the lower horizon of the corner and side habi- 
tats, and higher than the west reference habitat. Correlations between TOC 
and TCB and 0G were significant, although somewhat low (R = 0.53 for 


TOC/TCB; R = 0.55 for TOC/0G). 
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TABLE 13-A 


Mean Habitat Percent Total Organic Carbon in 


Upper Horizon Sediments for Each Cruise 


HABITAT Corner _ Central __—— Side ERA WRA 
CRUISE oe se ce 7 ae C a hee eT 
3? -2.00* -2.00 -2.00 -2.00 -2.00 
76 ~2.00 -2.00 -2.00 -2.00 -2.00 
99 ~2.00 ~2.00 -2.00 -2.00 -2.00 
168 ~2.00 ~2.00 ~2.00 -2.00 -2.00 
265 2.93 3.45 2.82 2.06 1.39 
342 3.02 3.22 2.71 2.30 1.13 


*-2.00 indicates that no data were collected. 
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HABITAT 
CRUISE 


37 
76 
49 
168 
265 
342 


TABLE 13-8 
Mean Habitat Per Cent Total Organic Carbon in 


Lower Horizon Sediments for Each Cruise 


_ Corner Central Side ERA 
-1.00* -1.00 -1.00 -1,.00 
-2.00* -2,00 -2.00 ~2,00 
-2,00 -2.00 -2.00 ~2,00 
-2.00 -2.00 -2.00 ~2.00 

1.63 3.18 2.20 1.37 
1.89 3.26 e.30 1.34 


4-1,00 and -2.00 indicate that no data were collected. 
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WRA 


“1,00 
~2,00 
~2.00 
~2.00 

1.12 


1.55 








PART V: SUMMARY AND CONCLUSTONS 


1u2. The material dredged from the Ouwamish River contained PCB at 
levels substantially higher than measured before in the area and enriched 
with lower chlorinated biphenyls. Historically, the sediments in that 
portion of the river were characterized predominantly by the higher chlor- 
inated PCB (Aroclor 1254, 1260 types). Although this recent shift to 
lighter components might be related to the [974 PCB spitt in Stip t, the 
apparent reduction of the residue Jevels at both the northern and southern 
boundaries of the dredging site suggest that the contamination was of local 
origin rather than a resu)t of translocation of spill material. 

103. The background PCB concentrations in the sediments of the 
Bay, aS measured during the predisposal field sampling, are consistent 
with previous observations, The high sampling density within the grid area 
has provided a better representation of the spatial non-homogeneity of the 
PCB residues existing in the bay sediments. In the past we had considered 
deposition of suspended and bed-load sediments, originating from the 
Duwamish River, as the predominant source of contamination in the area. 
High PCB concentrations near the mouth of the East and West Waterways which 
decreased rapidly in a northwestward direction from the river mouth, and 
the higher PCB concentrations along the Seattle waterfront, were consistent 
with the general deposition patterns, the bulk transport of the river 
effluent within the bay, and the chronic PCB input from sewage overflows 


along the eastern side of the bay. 
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lod, These features of cireulatton and sedimentation should be 


reflected by a relatively smooth PCR gradient within Eliott Bay. The 
anomatousty high, discontinuous, and qualitatively variable nature of the 
PCR residues in the disposal sone do not fit this pattern and suggest an 
origin from direct and Nighty Tocaltized sources. These sources tave ret 
been identified, 

105. The data obtained in this study provide indisputable evidence 
that there was an impact to the receiving area as shown by the toeredse 
in the PCR Tevels in the sediments of the disposal site.  towever, 1 
should be recognized that Elliott Bay was not a pristine region prior to 
the disposal activities. Although most backaround PCR concentrations tn 
the Bay sediments were nearly an order of magnitude Jower than the values 
observed at the disposal site, following disposal, a number of Jocations, 
espectally along the Seattle watertront, were almost as contaminated prior 
to dredging, tven within Che disposal site, the background tevels trom two 
samples collected during the pre-disposal monitoring exceeded To ppm. in 
terms of the effects on the water column, other than a fhrahty transtent 
elevation of the background PCR levels up to two orders of magnitude. the 
ambient conditions were not altered over the ine month monitoring period. 

Luo. The total amount of PCR transterred to the sediments of tttiote 

Bay as aresult of the disposal operation was estimated to have approxt 
mately doubled the quantities previously present. The ultimate dimpact of 


this increased load cannot be predicted at the present time. 


ay 
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APPENDIX A': TABULATION OF CHEMICAL DATA 


This Section includes data documentation from (1) the analysis of 
water, sediment, SPM, etutriates, and interstitial waters for chlorinated 
biphenyls, and (2) the result from this analysis of sediment for TOC, 
oil-grease, and percent solids. The data are arranged chronologically 
by cruise and numerically by station name within each cruise. The data 
entries are defined below. 


Cruise: julian date cruise number. 
Station: project grid station name (refer to station charts). 


Water Depth: approximate depth in metres of the water column at the 
Station, determined either from meter wheel reading during sedi- 
ment collections, sonic depth, or estimated from charted depths 
when sampling was initiated. Stations for which depth is not 
available are indicated by 99 or 100. 


Date: sampling date. 


Local Time: Time sampling was initiated (24-hour clock), based on 
either Pacific Standard or Pacific Daylight time. Stations 
for which the sampling time is not available are indicated 
by a l. 


Longitude and Latitude: station location (refer to station charts). 


DC: depth code, relative depth number at which sample was taken. 
For water and SPM, 1 = surface, 2 = 10 metres from bottom and 
3 = ] metre from bottom. For sediment, 1 = upper horizon and 
2 = lower horizon. 


Depth: The first column in the data section is the depth, in metres, 
at which the samples were collected. For sediment, elutriates, 
interstitial waters, TOC, oil-grease, and percent solids, 
the depth is the depth of the water column. If DC = 1, the 
sample is from the surface to 10 cm deep. If DC = 2, the sample 
is from 10 cm to the end of the core. 


REPL: The second column indicates the replicate number of that sample. 
For example, 1/3 indicates that the sample is the first of three 
replicates. For cruise 35, only one sample was taken. 


For sample types: PCB sediment, elutriates, interstitial waters, 
water, SPM. 


2-CB...7-CB: Columns three through eight present the concentrations 
of the chlorobiphenyls of each degree of chlorination (2 through 
7) measured in the sample. A value of .00* indicates either 


OS he oA: 
Al 
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that the value could not be determined due to analytical inter-~ 
ferences or that compounds were present below analytical detec~ 
tability. 


TCB: Column 9 presents the total concentration of chlorobiphenyls 
meaSured in the sample. 


Time: On cruises 55 and 57, time series samplings for SPM and 
water were made. The time for the sample is in column 10. 
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APPENDIX B': DESCRIPTION OF THE LARGE VOLUME FILTER 


1. A large volume filter system (LVF) was designed to collect 
relatively large quantitites of suspended particulate matter with minimum 
contamination from the system that could interfere with the analyses. 

The pumping characteristics of the LVF system are variable, depending 
mainly on the suspended particulate concentrations. However, in most 
areas sampled, filtering rates in excess of 200 2 per hour could be 
attained. The original system, as described by Pavlou et aye" has been 
modified to correct operational deficiencies as follows. 

2. A schematic diagram of the entire LVF system is shown in 
Figure B-1. The intake line consists of sections of one half inch seam- 
less aluminum tubing connected with teflon-lined neoprene tubing. The 
desired sampling depth is obtained by joining the aluminum sections with 
Swage lok ®unions. Larger organisms are excluded by a 40 mesh screen 
suction strainer at the end of the intake line. The sample can be con- 
nected directly to the discharge port of the beer-keg sampler!0 , This 
mode of operation is advantageous in allowing discrete sampling, more 
depth flexibility, and the ability to directly measure additional para- 
meters from the same water parcel. 

3. Seawater is drawn through the filter by vacuum maintained in 
the ballast tank which has been evacuated with a rotary vane vacuum pump. 
The suction is adjusted to compensate for lifting the water to the LVF 
and to produce less than 0.5 atmosphere pressure drop across the filter. 
Water collected in the ballast tank is periodically discharged via a posi- 
tive displacement water pump. Backflushing of the filter in the event of 
a power loss is prevented by a check valve mounted just behind the filter 
holder. A totalizing water meter measures the volume sampled. Initial 
evacuation of the filter holder and final vacuum release are accomplished 
with the meter bypass-air vent line. All flaw lines, valves, and connec- 
tions between the filter holder and the water meter, including the air 


vent line, are stainless steel or brass. The ballast discharge, scavenge 


* See References at the end of the main text 
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and priming lines consist of one half inch PVC tubing. A diagram of the 
filter holder is shown in Figure B-2. The chamber provides an all stain- 
less steel environment for the filter paper, as well as facilitating 
changing of the filter. In operation, the bottom plate is fixed to the 
sampler body through the stainless flow lines. The filter support section 
and the top plate are sealed to the base by four bolts and are removable 
as a closed unit. The intake line and air vent connections are both 
equipped with stainless Swagelok® quick disconnects to facilitate separa- 
tion of the top plate and the support unit when transporting to a clean, 
protected area to change the filter. The filter is supported by an 8" by 
10" piece of stainless steel laminated screen and is held in place by the 
removable retaining ring. The sections are sealed by silicone rubber 
gaskets which are separated from the chamber interior by the centering 
flanges. 
4. The filters commonly used are 8" by 10" Reeve Angel 934 AH. 
These are the same grade filters used for other marine particulate 
studies, e.g., particulate carbon and nitrogen measurements. They con- 
tain no organic binders and have defined retention characteristics with 
a median retention of about 0.5 w22, They were precleaned by combusting 
at 500°C for at least 24 hours just prior to each cruise. One filter was 
randomly chosen from each combusted lot, extracted, and analyzed. At no 
time was there any evidence of residual contamination. After sampling 
the filters were folded and placed in solvent-rinsed glass jars with 
aluminum foil cap liners and stored frozen until analysis. 
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Figure B-2. A Diagram of the Large Volume Filter Chamber: a, top 
plate; b, silicone rubber gaskets; Cc, filter retaining 
ring; d, filter support section; e, screen} f, screen 
support flange; g, bottom plate covering flange; h, bottom 
plate. 


B4 


« 


ee 








APPENDIX C': SPECTRAL ANALYSIS TECHNIQUE 
Computational Framework 


1. Since all chlorobiphenyls show nearly the same molar response 
on a flame ionization detector (FID),~~’ aa ithe relative poak area of a 
given spectral component to the total area of the mixture is equal to its 
mole fraction: 


FR; (1) 
i 
‘ nj C; 
ince X, eo F 
tome 
Oore X LO 
and Cae 
PCB 
Xe x 10 
then Cc, * i (2) 
PCB 


2. If the degree of chlorination of the component is known, a 
mass corrected response can be obtained. The mass fraction of each com- 
ponent, Fey is then expressed as 

A.M, 
F, = ore (3) 
j SrA? 


where A; is the peak area is the molecular weight fn grams mole7! of the 
ith component. 

3. Applying this analysis to a standard chlorobipheny! mixture, 
one can generate a series of Fy valves corresponding to the individual 
analytical components of that standard. Thus, for any known mass of 


i 








——--—-—— 


* See References at the end of the main text 














standard Mes and the appropriate Pye the specific mass of component i can 
be determined from 


mo = MF: (4) 


If the same standard is chromatographed under identical conditions, but 
with EC detection, similar component separation will be obtained but with 
different response characteristics. 

4. The corresponding EC response factor, Rj» is then simply 
expressed as 


sad (5) 
R Zs FS 5 
i m, mF 


where As refers to the area in the EC trace. Once an Ry value has been 
determined from the analyses of the standard, its corresponding ny in an 
unknown sample can be easily obtained from relation (5). 

5. Although F; is only internally consistent and independent of 
the absolute FID response, R, is governed by the operational parameters 
which effect Ay. Therefore, the calibration utility of R; is limited 
since simultaneous injections of standards would be required with each 
unknown. This shortcoming can be overcome by calculating the response 


of each component relative to an operationally convenient external stan- 
dard. This relative response is defined as the sensitivity ratio 


R 


i 
$= _ (6) 
Ree 


where Ret refers to the EC response of the external standard, 
6. Combining relations (5) and (6), the injected mass of each 
component in a sample extract, u, can be determined as follows. 


Nt 
i 
Mu) ° Sh (7) 
C2 ‘ 





Mu) is now the EC peak area of the i¢k component in the sample and Ret 
is the response for the sequentially injected external standard. The 
corresponding concentration in the sample can be easily computed as 


m 
[i-cB)) = —{tu) (8) 
xX 


where L is the volume fraction of the sample extract injected in the 
Chromotograph and Uy is the quantity of sample extracted. 

7. Since the isomeric identities of each of the PCB components 
are largely unknown and difficult to determine, final data reduction is 
presently most reasonable in terms of the concentrations of CB of the same 
degree of chlorination, [N-CB]. This is obtained simply as the sum of {i-CB] 
for all i of the same N, 

8. For comparison of the CB content between samples, the mass 
fraction, Fas of the different N-CB can be calculated as 


t 
~ {N-CB] 
FA aaa 


where [TCB) is the sum of the concentrations of al) CB residues. 

9, It can be seen from the above considerations that from 
measured areas and the appropriate sensitivity ratios, one can determine 
directly that N-CB abundance in any environmental sample and plots of fF, 
versus N can be constructed to provide a direct representation of the 





corresponding intrasample CB distribution. 
Experimental Procedures 


10. All analyses were performed on a Tracor MT-220 oas chromato- 
graph equipped with both flame ionization and ©‘Ni-electron capture de- 
tectors. A 2 m by 2mm ID pyrex column was packed with 1.5% SP-2250/1.95% 
SP-2401 on 100/120 Superdcon AW DMCS and operated isothermally at 160°C. 
The carrier gasses were Np and a 5% methane/95% argon mixture for the Fl 
and EC analyses, respectively. Peak areas were recorded on a Westronics 


C3 





a TCS 





— 


| 


MT-22 strip chart recorder and were measured by planimetry. In cases of 
insufficient resolution or small peak areas, adjacent peaks were combined 
and treated as one. 

11. The chlorine content, N, per component was determined by com- 
bined gas chromatography-mass spectrometry using a Finnigan Model 10J5 
GCMS at the U.S. EPA Region X Laboratories in Seattle, Washington. 

Re. F; and S; determinations were made with standard resolutions 
of Aroclors 1242, 1254, and 1260, together with p,p'-DDE as an external 
standard. Quantitation accuracy was tested using Aroclors of 1242, 1248, 
1245 and 1260 and mixtures of these standards. 


Results 


13. Table C~1 shows the mole fractions, Xi the molar concentra- 
tions, C3, the mass fractions, Fi, and the degree of chlorination, N, for 
the components of Aroclors 1242, 1254, and 1260, respectively. 

14, From F;, M55 and N, the %N-CB composition, the average mole- 
cular weights and the chlorine mass percent of each standard were calcu- 
lated and compared with the manufacturers' specifications and literature 
values in Table C-2. The good agreement indicates that the F. values 
and component N designations are accurate, 

15. Comparisons of the mass percent of each N-CB determined from 
these studies with values from the literature fail to show complete 
agreement. However, this is probably indicative of variations in the CB 
content of commercial PCB mixtures. Therefore, Fe values are only 
directly applicable to the particular standard analyzed. 

16. It should be noted that individual GC peaks, while relatively 
invariant in retention time, represent CB of different N value in differ- 
ent standards. Since the degree of chlorination for each component cannot 
always be determined in environmental samples, S;'s are useful only if a 
single value can be assigned to each spectral component. 

17. Figure C-1 shows a plot of S; as a function of relative reten- 
tion time, tea) both quantities are normalized to p,p'-DDE. S; initially 
increases rapidly with increasing th (4) and approaches a maximum at longer 
retention times. It was encouraging to note that components of the same 
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retention time, even though of different N value, gave similar S; values. 
S; values were therefore averaged for those components which appeared in 
more than one standard. In order to facilitate computation of S; in terms 


of t y an empirical equation 


r(i 


S; = 0.6)4 log tei) + 05783 
was generated by regression analysis. The correlation coefficient was 
0.927. Since the scatter in the data was mainly due to the difficulty in 
accurately measuring components of small peak area, it was felt that the 
S; values calculated from the equation could give better results. 

18. From the quantitation of known standard injections via S; 
analysis, it became apparent that much of the variation in S; for compo- 
nents of both low and high N values was real. Use of a combination of 
the averaged values at the spectral extremes and the S; values calculated 
from the empirical equation for the intermediate points gave the best 
agreement between the known and S;-calculated {t-CB] and [N-CB} values 
for a series of injected standards. The values of S; thus obtained are 
compiled in Table C-3. 

19, From these S; values, a series of single and mixed Aroclor 
standards were injected and quantitated. The results are shown in Table 
C-4. Since the instrument precision, determined from peak height compari- 
sons of repeated injections of a single standard, is approximately + 2%, 
the quantitation by the S; technique is quite accurate. The net analyti- 
cal precision for the GC analysis, including instrument response fluctu- 
ations, precision in the reading of the volume injected, and planimetry 
errors, was approximately + 5%. 


c& 





Table C-3. Values of the Relative Retention Time, 
tei)? and Sensitivity Ratio, Sj, 


for Aroclor Standard Components 





i ba i) * 
1 0.003 0.000 
2 0.005 0.000 
3 0.074 0.000 
4-6 0.115 0.170 
7-9 0.199 0.300 
10-14 0.299 0.506 
15-16 0.397 0.537 
17-18 0.498 0.597 
19-21 0.636 0.662 
22-24 0.794 0.722 
25-27 0.970 0.775 
28-30 1.114 0.812 
31 1.291 0.851 
32-33 1.508 0.893 
34 1.729 0.929 
35 2.013 0.970 
36 2.297 1.263 
37-40 2.824 1.094 
41-42 3.471 1.504 
43-44 4.833 1.708 
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Table C-4. Results of the Quantitation of CB 
Residues by EC-GC Using S; Technique 








—_—_= — 
= So 


Standard Ms (inj) * 107?8g Em; x 107g % —_ 
1242 2.061 2.058 - 0,15 
1254 2.674 2.713 1.46 
1260 2.279 2.221 - 2.54 
1242 + 1254 3.254 3.389 4.15 
1242 + 1260 3.170 3.255 2.68 
1254 + 1260 2.891 2.943 1.80 
1242 + 1248 + 1260 4.986 4.910 = 52 
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APPENDIX D': DATA REDUCTION 


1. The following computer program was written to facilitate the 


reduction of the voluminous raw analytical data acquired during this pro- 


ject and is based on the computation scheme described in Appendix C'. 
Figure D-1 shows an overall flow diagram for the whole program. Figures 
D-2 through D-7 are detailed flow schemes of the component routines. A 
listing of the program together with a sample input and output is 
included. 

2. The program was written for intended use on a time sharing 
computer system. It was developed on the CDC 6400 computer available at 
the Academic Computer Center at the University of Washington. The pro- 
gram is written in FORTRAN IV and requires the availability of a free 
format input subroutine. In this program, the local routine KNVRT, 
Reference Document No. W0O0022 available at the computer center, was 
implemented. 











START 
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P Input: | 
6 1) Analyst j 
2) Dates | 
CS Wael. Manes kp ey | 
* | 
ORT arama 
| Individual ikea 
PCB std BEB a 
| Care Peg cals vis 
| ¢ 
| 
aa 
| Sample 
calc pkg input 





Data 
presentation 


Figure D-1. Overall Flow Scheme for Data Reductior. Detailed 
Flow Diagrams for Components A, B, C, D, E and 
Main are Presented in Figures D-2 through D-7. 
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Figure D-2. Detailed Flow Diagram of the Main Section. 
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Figure 0-3. Detailed Flow Diagram of Section A, 
Individual PCB Standard and Calculation Package 
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Figure 9-4. Detailed Flow Diagram of Section B, 


Mixed PCB Standard Calculation Package. 
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Figure U-5. Detailed Flow Diagram of Section C, 


DDE Standard and Calculation of S; 








06 


PW 


a a a Ow 


. 


eee . 








t 


Enter 
sample 
I) data 








Check and 
correct 
data 




















Check and Enter sample 
correct normal izatior 
data data 





Enter no 


Check and 
inj, inj vol 


correct 
data 




















Output 
area table 


Check and 
correct 
data 







Calc Mes; 
acai, 


Output 
tables 







Figure D-6. Detailed Flow Diagram of Section D, 
Sample Calculation Package 
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Figure 0-7. Detailed Flow Diagram of Section E, 
Auxiliary R; Input. 
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APPENDIX E': HYDROGRAPHY DATA LIST AND DEPTH PROFILES 


Explanation of Abbreviation in Data Tables 


Sigma-t : An expression for the density of seawater 


at atmospheric pressure. 


AQU : Apparent oxygen utilization; the difference 
between the surface equilibrium solubility 
of a water sample and observed oxygen 


concentration. 


Oxygen % Saturation : Observed oxygen concentration divided by 


the surface equilibrium solubility value® 
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